This study investigated the surgical outcomes of spinal surgery for degenerative disorder in patients undergoing hemodialysis. Forty patients maintained on hemodialysis who underwent spinal surgery were reviewed. Of the 17 cases of cervical surgery, anterior fusion was performed in 3 patients, laminoplasty in 12, and posterior fusion in 2. Of the 29 cases of lumber surgery, decompression surgery was performed in 14 patients, spinal fusion in 14, and balloon kyphoplasty in 1. The authors focused on cases of destructive spondyloarthropathy (DSA) and retrospectively compared the non-DSA and DSA groups by examining multiple clinical parameters. Intra-or postoperative severe complications occurred in 4 (10%) patients, and 1 (2.5%) patient died due to cardiac failure. The reoperation rate was 27.6% in patients undergoing lumbar surgery and 5.9% in patients undergoing cervical surgery. Five (35.7%) of 14 patients treated with decompression alone subsequently underwent fusion surgery as a revision intervention. Furthermore, 3 (21.4%) of 14 patients undergoing lumbar surgery treated with a primary spinal fusion subsequently underwent an extended fusion surgery. Although there was no significant difference in the recovery rate of the Japanese Orthopaedic Association scores between the non-DSA and DSA groups, severe complications after spinal surgery tended to occur in the DSA group. Although good neurological recovery can be expected in patients undergoing hemodialysis, attention should be paid to the potential for postoperative complications. Severe complications tended to occur in patients with DSA or in those undergoing hemodialysis for more than 15 years. [Orthopedics. 2016; 39(5):e863-e868.]
ceive routine hemodialysis in their daily lives. For this reason, symptomatic spinal canal stenosis related to hemodialysis often requires surgical treatment. The number of patients with severe DSA for which surgical intervention should be applied has recently increased. However, only a few studies have investigated the clinical outcomes and perioperative complications after spinal surgery in patients undergoing hemodialysis. The purpose of this study is to investigate the clinical outcomes, including perioperative mortality and severe complications, of spinal surgery in patients undergoing hemodialysis. The authors evaluated the correlation between the clinical outcomes after spinal surgery and the presence of DSA or duration of hemodialysis until surgery.
Materials and Methods
The authors performed a retrospective analysis of the outcomes of 46 consecutive spinal surgeries performed from February 2007 to August 2015 in 40 patients undergoing chronic hemodialysis. The study group comprised 33 men and 7 women with an average age of 64.8 years (range, 41-83 years). Average duration of dialysis was 14.1 years. Preoperative comorbidities included diabetes mellitus in 15 patients, hypertension in 11, ischemic heart disease in 9, carpal tunnel syndrome (CTS) in 5, hyperparathyroidism in 3, arteriosclerosis obliterans (ASO) in 3, atrial fibrillation in 2, and systemic lupus erythematosus (SLE) in 1.
Decompression surgery was generally selected to minimize the surgical invasion for patients undergoing hemodialysis, and spinal fusion with instrumentation was performed only in patients who had neurological disturbance caused by marked spinal instability. There were 17 cervical cases with myelopathy, for which anterior fusion was performed in 3 patients, laminoplasty in 12, and posterior fusion in 2. There were 29 lumbar cases with intolerable pain and/or palsy of the legs, for which decompression surgery was performed in 14 patients, spinal fusion in 14, and balloon kyphoplasty in 1. Six (15%) of 40 patients underwent both cervical and lumbar surgeries during follow-up. One patient underwent these procedures simultaneously, 2 underwent lumbar surgeries prior to the cervical lesions, and 3 underwent cervical surgeries prior to the lumbar lesions.
All patients who underwent hemodialysis for more than 10 years were managed in the intensive care unit (ICU) postoperatively. In general, patients got out of bed on postoperative day 2 and started rehabilitation therapy. Regarding external spine stabilization, a Philadelphia collar was applied for 3 months in patients treated with cervical fusion, and a soft neck collar was used until discharge in patients treated with laminoplasty. In cases treated with single-level lumbar spine fusion, a soft brace was used postoperatively to immobilize the lumbar spine, but a hard brace was used in cases of multilevel fusions. In these patients, the operative procedure, operative time, blood loss, clinical outcomes, and perioperative complications were investigated. Clinical outcomes were assessed using the scoring system proposed by the Japanese Orthopaedic Association (JOA). For cervical cases, the following equation was used: [(postoperative score-preoperative score)/ (14-preoperative score)]×100% (excluding bladder function score). For lumbar cases, the following equation was used: [(postoperative score-preoperative score)/ (29-preoperative score)]×100%.
Regarding disease types, DSA occurred in 20 patients and intraspinal soft tissue proliferation (non-DSA) occurred in 20 patients. Destructive spondyloarthropathy was diagnosed based on radiologic criteria, including severe narrowing of the intervertebral disk space with erosions and cysts of the adjacent vertebral endplates with minimal osteophyte formation. 2 The authors retrospectively compared DSA and non-DSA groups in terms of multiple clinical parameters ( Table 1) .
They also evaluated the correlation between the results of these multiple clinical parameters and the duration of hemodialysis until undergoing surgery. They defined a cutoff value of more than 15 years, for which the incidence of DSA is significantly more frequent. 3 The statistical analysis was performed using Student's and Welch t tests or the Mann-Whitney test.
results
Average follow-up was 3.2 years (range, 0-8.5 years). Regarding cervical surgery, average operative time was 156 minutes for laminoplasty, 231 minutes for posterior fusion with decompression, and 290 minutes for anterior fusion. Estimated blood loss was 179, 242, and 290 mL, respectively. There was a significant difference in operative time between laminoplasty and fusion surgery (P=.003). With regard to lumbar surgery, average operative time was 139 minutes for decompression alone and 194 minutes for posterior fusion with decompression. Average blood loss was 103 and 801 mL, respectively. There were significant differences in both operative time and blood loss between decompression and fusion surgeries (P=.002 and P=.0002, respectively).
In cervical cases, average preoperative JOA score was 6.2±0.6 (range, 3.5-11). At final follow-up, average JOA score had significantly improved to 8.9±0.6 (range, 4.5-13; P=.004). Average recovery rate from preoperative status was 34.6%. In lumbar cases, average preoperative JOA score was 12.7±0.7 (range, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . At final follow-up, average JOA score had significantly improved to 22.0±1.0 (range, 13-29; P<.0001). Average recovery rate from preoperative status was 57% ( Table 2) .
Perioperative severe complications occurred in 4 (10%) patients, including septic shock (n=1) and deterioration of cardiac failure (n=3). One (2.5%) patient died of heart failure within 3 weeks after laminoplasty, and another died during followup because of a cerebral infarction ( Table  3) . Revision surgeries were performed in 9 of the 40 patients. These surgeries were applied due to adjacent segment disease (ASD) in 3 patients, restenosis at the operated segment in 5 patients, and loosening of implants in 1 patient. Of these 9 patients, 4 had DSA and 3 had multiple back surgeries. Surgical-site infection was observed in 2 (5%) patients postoperatively, both of whom had undergone lumbar spine fusion. Of the 9 patients who required revision, 8 patients underwent lumbar intervention. The reoperation rate was 27.6% in lumber cases, whereas it was only 5.9% in cervical cases. Five (35.7%) of the 14 decompression cases proceeded to fusion surgery as the revision intervention. Further, 3 (21.4%) of the 14 lumbar spine fusion cases had to extend the fusion levels. Only 1 (5.9%) of the cervical cases needed posterior fusion as a revision due to a bone graft subsidence after anterior fusion surgery. Three (12.5%) of the 24 fusion surgeries (including revision interventions) resulted in nonunions during follow-up ( Table 3) .
In patients with cervical spine lesions, there were no significant differences between the non-DSA group and the DSA group in terms of age, operative time, blood loss, duration of hemodialysis, and recovery rate of the JOA scores. The DSA group had a longer duration of hemodialysis and poorer recovery rate of the JOA score ( Table 1) . Two patients in the DSA group died during follow-up. In patients with a lumbar spinal lesion, there were significant differences in operative time, blood loss, and duration of hemodialysis between the non-DSA and DSA groups (P=.0475, P=.0188, and P=.0236, respectively), although there was no significant difference in the recovery rate of the JOA scores (Table 1) . Furthermore, in terms of the duration of hemodialysis, the more-than-15-years group included a larger number of DSA patients, but the differences in age, revision rate, operative time, blood loss, and recovery rate of the JOA score did not reach significance between the less-than-15-years group and the more-than-15-years group. Of note, all of the severe complications after spinal surgery, such as death or shock state, occurred in patients who had undergone hemodialysis for more than 15 years ( Table 4) . 
discussion
In the patients undergoing hemodialysis who were investigated in this study, average recovery rate from preoperative status was 34.6% in cervical cases and 57% in lumbar cases. These rates are considered to be satisfactory compared with the recovery rates of patients not undergoing hemodialysis. [4] [5] [6] Spinal surgical treatment for patients undergoing hemodialysis improved their activities of daily living, and their clinical outcomes were good in most cases. As reported previously, 7,8 the recovery rate in cervical cases was relatively lower than that observed in lumbar cases in the current study. One potential reason for this difference is that the operative intervention for patients undergoing hemodialysis, especially in cervical cases, is often judged to be arduous and risky for severe perioperative complications, according to physicians and anesthesiologists. Consultations with spine surgeons and decisions about surgical treatment also tend to be delayed. Average disease duration until cervical or lumbar surgery was 3.6 and 3.4 years, respectively. These symptom durations in patients undergoing hemodialysis were longer than the durations reported for patients not undergoing hemodialysis (range, 11-17 months). 9, 10 Given that the duration of myelopathic symptoms is supposed to be an independent prognostic indicator of surgical outcome, 10 the duration until surgery may be a more critical factor for clinical recovery in the cervical lesions than in the lumbar lesions of patients undergoing hemodialysis. A better prognosis in hemodialysis-related spinal surgeries depends on a rapid assessment of systemic conditions and complications. In addition, a high percentage of patients with cervical cases had concurrent CTS. Numbness or pain of the upper extremities may persist after patients undergo cervical spinal surgery. In this study, 4 of the 5 patients with CTS underwent cervical spinal surgery.
The authors retrospectively investigated multiple clinical parameters in the non-DSA and DSA groups. The incidence of DSA is reported to be approximately 20% in patients undergoing hemodialysis. 3, 11 As for sex differences, males were more prevalent than females in both the non-DSA and DSA groups. The duration of hemodialysis until surgery in the DSA group tended to be longer than that in the non-DSA group, which is also in agreement with previous reports. 3, 7, 11, 12 Patients with lumbar spinal lesions received surgical treatment with a longer operative time and more blood loss in the DSA group compared with those in the non-DSA group. This result could be attributed to the fact that the DSA group with intervertebral instability included a larger number of segmental fusions and/or invasive cases than did the non-DSA group. Although severe complications after spinal surgery tended to occur in the DSA group, there was no significant difference in the recovery rate of the JOA scores between the non-DSA and DSA groups, both in cervical and lumbar cases. Substantial neurological recovery could be obtained in DSA cases. In terms of the duration of hemodialysis, although there were no significant differences in operative invasiveness and recovery rate between the less-than-15-years group and the more-than-15-years group, all severe complications after spinal surgery occurred in the more-than-15-years group. These results indicate that patients undergoing hemodialysis for more than 15 years need more careful risk assessment and risk management. Spinal surgery for patients undergoing hemodialysis has been considered to be challenging because most patients have multiple medical problems. The perioperative course is also troublesome, and even a slightly invasive intervention could lead to severe complications. Based on the current authors' experience, a decompression intervention may result in death during the perioperative period. Therefore, patients undergoing hemodialysis who have multiple comorbidities or anamnesis must be managed. For example, such patients should undergo hemodialysis just before surgery, undergo spinal surgery under inhalation anesthesia, and be managed in the ICU, if possible. Moreover, patients undergoing hemodialysis may experience serious complications following spinal surgery, including septic ulcer, hemorrhage, consciousness disorder, ischemic heart disease, arrhythmia, and pseudomembranous enterocolitis. The perioperative mortality rate in the authors' hospital was 2.5%, which was relatively low compared with those reported previously (range, 3.6%-9.1%). 7, 12, 13 This low mortality rate may be attributed to the minimal invasiveness of the surgery, effective treatment in the ICU, and close liaisons with other departments.
The reoperation rate was 5.9% in cervical cases. This rate was much lower than that observed in lumbar cases. Using lumbar decompression alone to treat patients in whom dynamic instability remains likely results in insufficient recovery. In this study, 5 (35.7%) of the 14 decompression cases proceeded to fusion surgery as revision intervention, and this rate is similar to previous reports. 8 Although most patients with dynamic instability undergoing hemodialysis require fusion surgery, it is sometimes difficult to make the decision to select fusion surgery because of individual comorbidities. Moreover, attention must be paid to such patients when choosing rigid fixation with instrumentation, which can induce postoperative complications such as loosening, backout, sinking, breakage of the inserted implants, loss of correction, and ASD. The incidence rate of postoperative ASD is high, especially in patients with osteoporosis undergoing hemodialysis; this rate was 21% in lumbar fusion cases examined in this study. As previously reported, soft stabilization such as Graf ligamentoplasty may lead to satisfactory clinical outcomes in high-risk cases. 14, 15 The high incidence of surgicalsite infections is also an issue in spinal surgery for patients undergoing hemodialysis. 16 In the current study, 2 (5%) patients undergoing hemodialysis experienced surgical-site infection; these 2 cases of deep infection required open irrigation with aggressive surgical debridement or revision surgery. Although favorable neurological recovery can be expected in patients undergoing hemodialysis when surgery is performed properly, its high complication rate must be considered.
This study has several limitations, including the following: (1) patient background data were not controlled; (2) the number of patients was small; and (3) this was a retrospective investigation. These limitations could be partially ascribed to the challenges of hemodialysis-related surgery. Prospective data collection would be needed in the future to clarify more precise clinical outcomes in patients undergoing hemodialysis. The authors confirmed that surgical intervention for spinal disorders in patients undergoing hemodialysis can reliably provide improvement in neurological impairment, a resultant improvement in the patients' quality of life, and a high level of satisfaction despite the high complication rate. Surgeons should obtain informed consent from all patients undergoing these procedures after an adequate and careful explanation of the high complication rate.
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